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Abstract:  
With increasingly development of traffic construction, development of intelligent traffic sensors has great 
significance for dynamic monitoring of traffic vehicles. In this research, cement based piezoelectric intelligent traffic 
sensors were prepared by using PZT piezoelectric ceramic as the sensing element and the mixture of cement and 
epoxy resin as packaging material, and the linear property, sensitivity, repeating ability and pulse response ability of 
the sensors were also tested. The results show that sensors have superior pulse response property, high linearity and 
sensitivity under pulse loading, besides it has also good repeating ability under cycling loading. The traffic flow and 
traffic velocity were monitored by using the piezoelectric traffic sensors in a testing road. The research shows that the 
designed piezoelectric traffic sensors can monitor effectively the amount of passerby who pass through the testing 
road, and that the vehicle velocity can also be obtained accurately according to the pulse response interval of 
piezoelectric traffic sensors.  
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摘要 
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2.1. 材料的选择 
采用 PZT-5 压电陶瓷（淄博宇海电子陶瓷厂）作为压电传感器的内部传感元件，其尺寸为
25 mm×6.6 mm；采用普通硅酸盐 42.5 水泥（PC，山东水泥厂）、环氧树脂（山东肥城德源化
工有限公司）及固化剂（北京香山联合助剂厂）的混合物（配合比为 1:1:0.4）作为压电元件的封
装材料；选用 RVVP型铜芯聚氯乙烯绝缘屏蔽线缆对压电陶瓷元件进行焊接。表 1列出了水泥及
PZT-5压电陶瓷的基本性能，表 2分别为养护 7天的普通硅酸盐 42.5水泥硬化净浆（水灰比 0.4，
尺寸 20 mm×20 mm×20 mm）和水泥、环氧树脂及固化剂混合物的性能参数。  
表 1水泥及 PZT-5压电陶瓷的基本性能 


















PC - - - 0.780 25.9 - 2.20 - - 
PZT-5 62 50 600 0.02 2200 80 7.6 16.7 8.9 
 
表 2硬化水泥净浆及水泥、环氧树脂与固化剂混合物的性能参数 











Hardened cement past 40 2.07 26 0.8 12.0 















护。制备的小型立方体压电交通传感器如图 1所示，尺寸为 40 mm×40 mm×3 mm。 
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图 1小型立方体压电交通传感器照片 
Figure 1 Photo of cubic piezoelectric intelligent traffic sensor 
采用小型立方体压电交通传感器制备梁式钢筋混凝土压电交通传感器。首先，将制备好的两
个小型立方体压电传感器分别固定于模具（尺寸为 100 mm × 100 mm × 550 mm）底部的两端，保
持传感器上下受压面与混凝土梁的受压面平行，将钢筋骨架放进其中，浇注混凝土材料，并在振
动台上进行振动；然后，将埋有压电传感器和钢筋骨架的混凝土梁放入标准养护室内进行养护，







图 2 梁式钢筋混凝土压电交通传感器结构示意图（a）及照片（b） 
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图 3 压电传感器的输出脉冲响应随输入荷载的变化 
Figure 3 Variation of output pulse response of piezoelectric sensor with input loading 
由图可以看出，随着脉冲荷载的增加，传感器的输出电压响应幅值逐渐增大，输出电压峰形
也愈加尖锐，其输出电压幅值与脉冲荷载的线性变化规律如图 4所示。 









Parameter   Value            Error
-----------------------------------------------------
A                 -5291.47619   4205.44771
B                 7436.17829    444.48437
-----------------------------------------------------
R            SD               N         P
-----------------------------------------------------









图 4 压电传感器的输出电压幅值与脉冲荷载间的线性关系 










线性相关系数分别为 98.76%及 99.25%，灵敏度分别为 7504.82 mV/MPa及 8052.05 mV/MPa，这
表明压电交通传感器亦具有良好的重复特性。 
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Parameter  Value Error
----------------------------------------------
A           -7161.03672 2738.93176
B            7504.82246 398.53982
----------------------------------------------
R   SD        N   P
----------------------------------------------





















Parameter  Value       Error
-----------------------------------------------
A   -6408.46652   2273.69461
B    8052.05011   330.84352
-----------------------------------------------
R   SD         N   P
-----------------------------------------------




图 5 循环脉冲荷载下压电传感器输出电压幅值与脉冲荷载间的关系 
Figure 5 Relationship between output voltage amplitude of piezoelectric sensor and pulse loading under cyclic pulse loading 
3.2. 传感器动态响应特性 







changed loading was exerted 
































changed loading was exerted 


























图 6 压电交通传感器在水中与空气中的输入脉冲荷载响应性能测试 
Figure 6 Pulse response test of piezoelectric traffic sensor under different input loading in water and in the air 
Loading and unloading  
from low to high  
Loading and unloading  
from high to low 









程如图 7所示。在间隔距离为 6 m的路段分别挖取与梁式压电传感器高度相近的深槽，并保持槽
底的干净、平整，然后将涂覆沥青涂层的梁式压电传感器置于其中，并确保传感器梁与路面平




图 7 梁式压电传感器在路面的实际埋设过程 
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图 8 压电传感器在某一时间段的输出脉冲响应及局部放大图 
Figure 8 Output pulse response and enlarged section of piezoelectric sensor at a certain time 
实验过程中，我们分别在两个不同的时间段进行了行人流量监测，以考察压电传感器监测流
量的可重复性。表 3列出了两个不同时间段内压电传感器的输出脉冲响应数目及实际的行人数。 
表 3 不同时间段的行人流量监测结果 
Table 3 Monitoring result of passerby flow in different time horizon 
 Actual amount of passerby Amount of piezoelectric pulse 
The first time interval 22 24 
















号时间间隔 T 来计算车辆行驶速度 V，其计算公式为： 
/V L T                                     （1） 
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图 9 车辆以不同速度通过梁式压电传感器时传感器的输出脉冲响应 
（a）较慢的速度；（b）10 km/h；（c）20 km/h；（d）40 km/h 
Figure 9 Output pulse response of beam piezoelectric sensor when a car passed through it with different speed (a) very low speed; (b) 
10 km/h; (c) 20 km/h; (d) 40 km/h 




























表 4 车辆速度计算结果 
Table 4 Calculating result of vehicle speed 
Vehicle speed calculated 
by method one (km/h) 
Vehicle speed calculated 
by method two(km/h) 
Based on the output of front 
wheel sensor 
Based on the output of rear 
wheel sensor 
Based on the output of No.1 
sensor 
Based on the output of No.2 
sensor 
3.27 3.30 3.22 3.26 
9.12 9.11 9.16 9.13 
19.63 19.30 19.47 18.83 
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